Evaluation of Resistance to Rutting and Moisture Susceptibility on High RAP content Asphalt Concretes using Hamburg Wheel Tracking Device by Kim, Sungun
Georgia Southern University
Digital Commons@Georgia Southern
Georgia Southern University Research Symposium
Apr 16th, 2:45 PM - 4:00 PM
Evaluation of Resistance to Rutting and Moisture
Susceptibility on High RAP content Asphalt
Concretes using Hamburg Wheel Tracking Device
Sungun Kim
Georgia Southern University, skim@georgiasouthern.edu
Follow this and additional works at: https://digitalcommons.georgiasouthern.edu/
research_symposium
Part of the Civil Engineering Commons
This presentation (open access) is brought to you for free and open access by the Conferences & Events at Digital Commons@Georgia Southern. It has
been accepted for inclusion in Georgia Southern University Research Symposium by an authorized administrator of Digital Commons@Georgia
Southern. For more information, please contact digitalcommons@georgiasouthern.edu.
Recommended Citation
Kim, Sungun, "Evaluation of Resistance to Rutting and Moisture Susceptibility on High RAP content Asphalt Concretes using
Hamburg Wheel Tracking Device" (2016). Georgia Southern University Research Symposium. 8.
https://digitalcommons.georgiasouthern.edu/research_symposium/2016/2016/8
1.95 2.49
2.75 3.19 3.17
4.99
6.20
3.72
4.64
8.33 8.01
15.99
0
5
10
15
20
25
25
(U)
19
(U)
12.5
(U)
9.5T1
(U)
9.5T2
(U)
4.75
(U)
R
u
t 
d
ep
th
 (
m
m
)
Rut depth by max. aggregate size
50C 64C
17,000
16,500
14,00014000
12500
14000
12,000
6,000
4,000
6,000
8,000
10,000
12,000
14,000
16,000
18,000
20,000
25
(U)
19
(U)
12.5
(U)
9.5T1
(U)
9.5T2
(U)
4.75
(U)
P
a
ss
 n
u
m
b
er
Inflection point by max. aggregate size
50C 64C
4.186
2.489
3.592 3.185
14.397
3.719
20.06
8.331
0
5
10
15
20
25
19(U)
CON
19
(U)30%
9.5T1(U)
CON
9.5T1
(U)30%
R
u
t 
d
ep
th
 (
m
m
)
Rut depth by RAP content (%)
50C 64C
14,000 13,500
17,000
11,000
12,500
6,000
12,000
4,000
6,000
8,000
10,000
12,000
14,000
16,000
18,000
20,000
19(U)
CON
19
(U)30%
9.5T1(U)
CON
9.5T1
(U)30%
P
a
ss
 n
u
m
b
er
Inflection point by RAP content (%)
50C 64C
This Project is sponsored by Georgia Department of Transportation and the test program and data analysis 
are currently on going. This paper contains only part of the research results.
1. Make Specimens And Manufacturing Conditions : According to AASHTO PP 60-14
2. Theoretical Maximum Density :  According to AASHTO T 209 
3. Measurement properties of asphalt  specimens : Air voids, VMA, VFA According to AASHTO T 166
4. Preparation testing samples by cutting  
5. Hamburg Wheel Tracking test and Test Conditions : AASHTO T 324
Classification Heating Short term 
aging
Compaction # of Gyration
RAP New 
Aggregate
Asphalt
Temperature (C) 110 175 (195) 165 (185) 135 (165) 135 (165) Height control : 
150mmTime (H) 2 4 over 2 over 4 -
Refer to NCHRP253 AASHTO T 312 AASHTO R 30 AASHTO PP 60
* () is a manufacturing condition of mixes with modified asphalt.
Load Steel Wheel Speed Test criteria Sample Test temp Test recorded
705 ± 4.5N
(158 ± 1.0lb)
203mm diameter 
47mm wide
52 pass/min
(0.35 m/s)
@mid point
20,000passes
20mm
150mm Dia. 
62mmHeigth
7±1% air voids
50C
64C
70C
20passes at 
11points
(total 431)
Evaluation of Resistance to Rutting and Moisture 
Susceptibility on High RAP content Asphalt 
Concretes using Hamburg Wheel Tracking Device
Sungun Kim, Junan Shen, Myung Jeong
Dept. of Civil Engineering and Construction Management
College of Engineering and Information Technology
1. Reclaimed asphalt or recycled asphalt pavement (RAP) stands for materials that are removed and 
reprocessed asphalt pavement materials. 
2. It is usually generated from asphalt road maintenance & reconstruction
3. Past research has proven the use of RAP saved natural resources by incorporating the old asphalt and 
aggregates into the new asphalt paving materials production.
4. This practice results in cost reduction in roadway construction & maintenance, and thus benefits both 
the agencies and the public.
5. There is a concern over the strength and durability of the pavements containing high RAP content 
because the old asphalt binder and aggregates and this characteristic may cause stripping and cracking 
in asphalt pavements.
6. The objective of this study was to evaluate the durability of high RAP content asphalt paving 
materials through a laboratory test using Hamburg Wheel Tracking Machine (HWTM) at high 
temperature ( 50 and 64C)
INTRODUCTION
MATERIALS
METHOD
RESULTS AND DISCUSSION
CONCULSIONS
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Based on the partial test results, The following finding were observed
1) Control mixes without RAP showed low durability (higher rut depth) to rutting in both 50C and 64C test 
temperatures.
2) The RAP included mixes with modified asphalt (PG76-22) showed very high durability (lower rut depth) 
to rutting in 50C and 64C temperatures. And the RAP mixes with unmodified asphalt (PG64-22) show 
relatively lower durability (higher rut depth) to rutting in 50C and 64C test temperatures as compared to 
modified asphalt mixes.
3) Mixes containing RAP using unmodified binder except 25U mix significantly increased rut depth with 
decreasing aggregate maximum size at a range from 3.72 to 15.99mm at high temperature.
4) Even though there is little rut depth in the RAP mixes, stripping distress was observed to some degree.
Mixtures DESIGNATION
Source Lithia spring 
(LS)
Stockbridge
(SB)
Candler Gainesville 
(GC)
Dogwood Grovetown
(GD)
Aggregate gradation Superpave (SP), SMA (only 12.5mm) for 4 sources, respectively
Maximum aggregate size 25, 19,  12.5,  9.5,  4.75mm for 4 sources, respectively
Binder type Unmodified (U), Modified (M, 12.5, 4.75, and SMA) for 4 sources, respectively
RAP contents 30% 25% 25% 30%
Materials Classification Source Districts
Aggregate Coarse & Fine aggregate From 4 district in GA Lithia spring  (LS)
Hydrated Lime Stockbridge
Fly ash Candler Gainesville
Asphalt Unmodified / Modified asphalt
(PG64-22)       (PG76-22)
Dogwood Grovetown
RAP
* This study included only one source materials from LS
A Typical tested results curve
Superpave Gyratory Compactor Theoretical Maximum DensityMixing Cutting to preparing test samples
2. Rut Depth by Pass Number and Inflection Points
Mix type Temp. (C)
Rut Depth (mm) @ SIP
1,000 5,000 10,000 15,000 20,000 passes
25(U)
50 1.107 1.605 1.814 1.951 1.946 -
64 2.251 4.451 4.623 5.812 6.203 14,000
19(U)
CON
50 2.118 2.728 3.449 4.069 4.186 14,000
64 2.921 4.968 7.315 8.921 14.397 11,000
19(U)
50 1.321 1.910 2.271 2.489 2.489 -
64 1.194 1.834 2.261 2.946 3.719 12,500
70 2.301 3.353 3.683 4.171 4.643 9,500
12.5(U)
50 1.367 2.052 2.454 2.626 2.748 -
64 1.915 3.191 3.922 4.262 4.643 14,000
70 2.850 4.552 5.080 5.395 5.507 7,000
9.5T1(U)
CON
50 1.565 2.342 2.774 3.094 3.592 13,500
64 3.297 7.930 20.06 - - 6,500
9.5T1(U)
50 1.885 2.464 2.814 3.155 3.185 17,000
64 2.987 4.435 5.781 7.183 8.331 12,000
9.5T2(U)
50 1.306 2.332 2.647 3.033 3.170 16,500
64 1.849 3.236 4.531 5.994 8.011 14,000
4.75(U)
50 1.869 3.246 4.059 4.526 4.989 14,000
64 3.251 6.355 9.586 12.964 15.992 6,000
12.5(M)
50 0.366 0.452 0.549 0.716 0.823 -
64 1.001 1.488 1.676 2.022 1.951 -
4.75(M)
50 0.518 1.173 0.986 1.214 1.651 -
64 0.823 1.077 1.134 1.250 1.483 -
12.5
SMA(M)
50 1.311 1.844 2.093 2.179 2.408 -
64 1.717 2.708 2.977 3.536 3.830 -
In order to evaluate of rutting resistance and moisture 
susceptibility by mix type, RAP contents, binder type, 
and test temperature, were collected as following  
1. Maximum impression (rut depth: mm)
2. Creep slope (passes)
3. Strip slope (passes)
4. Stripping Inflection Point (passes)
3. Testing Temperature Influence on Rut Depth and Inflection points
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Tested samplesHamburg Wheel Tracking Device and test set up Mounted Samples 
from the Mold
 Rut depths of the mixes with/without RAP, using modified or unmodified binders, tested at 50C, were all 
less than 5mm, very small: Mixes using modified binders were less in rut depth than those unmodified.
 Rut depths  of the mixes with RAP, tested at 64C, were still very low, lower than 12.5 mm, except the 
4.75U. While the mixes without RAP as a control have high values of rut depth larger than 12.5 mm. The 
mixes using modified binder have less rut depth than those of unmodified, less than 4. mm. 
 The increase in testing temperature from 50 to 64C lead to rut depth about 2-3 times larges with a range 
of 2mm-5mm. The increase in rut depth due to temperature  can more easily be seen in Control samples 
with RAP . 
 When tested at 50C, only one out of 6 mixtures containing RAP with unmodified binder was found an 
inflection point of 14,000 passes while both of the two controls were found inflection points of 14,000 and 
13,500 passes for 19UC and 9.5 T1UC, respectively. No mixes containing RAP with modified binder was 
found inflection point.
 When tested at 64 C, 6 out of the mixes containing RAP with unmodified binders were all found an 
inflection points ranging from 14,000  to 6,000 passes, depending on the mixes. But, there is no inflection 
point found to any of the three mixes with RAP and modified binder.  Similarly to what were observed at 
50 C, two inflection points were found to the controls.
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4. Influence of Binder Type on Rut Depth and Inflection Points
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 All mixes containing RAP using modified binder appeared very lower rut depth than mixes containing RAP 
using unmodified binder at 50, 64C although those mixes were manufactured using same maximum size 
aggregate.
 When tested 64C, Rut depth of mixes containing RAP using modified binder were still very low, lower 
than 2 mm. Those mixes with RAP using modified binder show very lower rut depth than mixes with RAP 
using unmodified binder.
 Increasing test temperature from 50 to 64C increased the rut depth of mixes with RAP using modified / 
unmodified binder at a range of 1-2mm except 4.75(U) mix.
 When tested 64C, mixes with RAP using unmodified asphalt appeared inflection point and increasing 
temperature 50 to 64C decreasing inflection point at range from 14,000 to 6,000 passes. Mixes containing 
RAP using modified binder did not appear inflection point at 50 and 64C.1. Volumetric Properties of Asphalt Concretes
Source
Mix type RAP Cont.
(%)
COAC
(%)
New Asphalt
Cont. (%)
Density
(g/cm3)
Air Voids 
(%)
VMA
(%)
VFA
(%)
Lithia 
Spring
25(U) 30 4.42 3.09 2.322 6.5 16.0 62.3
19(U) CON* - - 4.83 2.299 6.6 17.4 62.1
19(U) 30 4.83 3.50 2.294 6.6 17.4 61.9
12.5(U) 30 5.44 4.11 2.274 6.8 18.9 63.7
9.5T1 CON* - - 5.94 2.244 6.9 19.8 65.2
9.5T1(U) 30 5.94 4.61 2.232 7.7 20.6 62.5
9.5T2(U) 30 5.82 4.49 2.264 6.8 19.6 65.2
4.75(U) 30 6.36 5.03 2.245 6.9 20.8 66.7
12.5(M) 30 5.31 3.98 2.261 7.4 19.1 61.3
4.75(M) 30 6.36 5.03 2.248 6.8 20.6 67.3
12.5SMA(U) 15 6.27 5.61 2.234 5.9 19.5 69.7
5. Aggregate Size Influence on Rut Depth and Inflection Points
 When tested 50C, mixes containing RAP using unmodified binder increased slightly rut depth with 
increasing aggregate maximum size at a range from 1.95 to 4.99mm.
 When tested 64C, mixes containing RAP using unmodified binder except 25U mix significantly increased 
rut depth with decreasing aggregate maximum size at a range from 3.72 to 15.99mm depending on mix.
 Mixes with RAP using unmodified binder irrespective maximum aggregate size increased rut depth 1.5-
3.2 times as increasing temperature from 50 to 64C.
 When tested 50C, 25U, 19U, 12.5U mixes with RAP using unmodified binder didn’t appear inflection point 
and 9.5T1, T2, and 4.75U mixes appeared inflection point. And as decreasing maximum aggregate size, 
inflection point decreased noticeable.
6. RAP Content Influence on Rut Depth and Inflection Points
 CON mixes using unmodified binder and mixes containing RAP using unmodified binder increased rut 
depth with increasing temperature from 50C to 64C.
 CON mixes showed higher rut depth than mixes with RAP using unmodified binder.
 19CON and 19U mixes indicated less rut depth of 14.397, 3.719 mm than 9.5T1CON and 9.5T1U mixes of 
20.06, 8.331 mm at 64C, respectively.
 CON mixes showed inflection points both temperature 50C and 64C, and increasing temperature from 
50C to 64C decreased inflection point values from 14,000 to 11,000, 13,500 to 6,000 passes and 19CON, 
9.5T1CON, respectively.
 Mixes containing RAP using unmodified binder appeared lower inflection point values than CON mixtures 
and at a range from 12,500 to 12,000 mm and 19U, 9.5T1U, respectively
